Obesity has been considered a risk factor for infectious diseases including the influenza virus. Most epidemiological investigations indicated that obesity is connected to the severity of influenza, although there are some exceptions. Many studies using obese humans and animal models showed that immune response was impaired in the obese group, increasing susceptibility and severity of influenza virus. However, the exact mechanism by which obesity inhibits anti-viral immune response remains unknown. This review discusses current studies about the properties of immune cells in obesity. In obesity, the balance of adipokines is disrupted and the level of proinflammatory cytokine is increased compared with non-obese control. Moreover, macrophages induced systemic inflammation by secreting cytokines such as TNF-α and IL-6, antigen presenting capacity of dendritic cells was diminished which affect T cell responses, and influenza-specific antibody production seems reduced and decreased even faster after vaccination in obese mouse. The number of circulating T cells and proliferation of mitogen-stimulated T cells dropped and T cell memory was significantly low in influenza infected obese mouse. Therefore, obesity may be one of factors for disease progression in influenza virus infection and vaccine efficacy.
INTRODUCTION
The pandemic of H1N1 influenza virus in 2009 had been widely impacted on society and economy and consequently gave rise to enormous social losses. Interestingly, owing to this pandemic prevalence, many unrevealed relationships between various chronic diseases and viral infection are newly exposed. The especially exciting discovery is that obese people were hospitalized more and died with influenza virus infection during the 2009 influenza A (H1N1) pandemic than non-obese people (1~6). However, some papers reported that obesity has no relation with the pathology of influenza virus (7~9). In this review, we discuss the present understanding of the cellular mechanism in regard to dynamic and pathologic relationship between obesity and the influenza virus and how obesity influences to the influenza viral pathogenesis and vaccine efficacy.
Interestingly, recent research also reported that obese people are susceptible to infectious diseases, but the efficacy of vaccine is low in obese (10~12). Actually, evidence has been accumulated that obese people with low-level in-226 flammation seem to be more easily infected with several pathogens (10) or vice versa, which means that some pathogens, which can induce inflammation, seems to trigger weight gain (13~15). Thus we think that inflammation may be the link between obesity and pathogen infection. Moreover, in obese, the initial response to influenza vaccination was intact but antibody titer is decreases faster than in non-obese people (11) . In addition, the experiment using a diet-induced obesity model showed that obese mouse failed to induce protective immune response to H1N1 vaccine (16) .
Epidemiological studies about relationship between obesity and influenza virus
Over the past ten years, many studies about the relationship between obesity and influenza virus infections have been done. In South Korea, the research for school-aged children showed that body mass index (BMI) and waist circumference (WC) are positively correlated with H1N1
infection (1) . Another study of H1N1 adult patients in California demonstrated that extreme obesity (BMI≥40)
was associated with increased risk of H1N1 infectioninduced death (3). In addition, according to a study conducted in Spain and Canada, obesity was also related to the onset of pneumonia and the respiratory hospitalizations by influenza virus (4, 5) . On the other hand, there are also studies which show different results. In the USA, a study of adults indicated that obesity was not associated with the influenza virus (7) . Also in the UK, a study about 1,074,315 patients over 18 years old from 2000 to 2008 showed that obesity was unrelated with influenza-induced pneumonia (8) . Another study of 416 patients in 144 ICUs in Spain demonstrated obesity did not increase mortality by H1N1 (9) . We summarize these epidemiological studies in Table 1 .
Taken together, although most reports showed that obesity is positively associated with influenza virus-induced patho- for high-risk groups such as children and the elderly (27) .
Characterizations of obesity induced inflammation
The adipose tissue as an endocrine organ plays a role in nutrient homeostasis by secretion of adipokines such as leptin and adiponectin (28) . It is a complex organ containing not only adipocytes, but also various cell types including (42) . Leptin promotes survival of lymphocytes, proliferation and Th1 cytokine production of T cells, and phagocytosis of macrophage (43, 44) . Also, leptin encourages differentiation of dendritic cells (45) . Adipose tissue is a major source of leptin and leptin levels were correlated with adipose mass (42) . Indeed, leptin levels were increased in obese people and that caused leptin resistance (46) . Interestingly, leptin deficiency induces dysregulation of the immune system. In leptin-deficient (ob/ob) and ObR-deficient (db/db) mouse the number of circulating lymphocytes was decreased whereas the number of monocytes was increased (47, 48) . The ObR-deficient mouse CD4+ T cells exhibited reduced proliferation in response to CD3 stimulation (41) . Moreover, T cell-mediated immune responses such as delayed-type hypersensitivity reaction and skin allograft rejection were defective in ob/ob and db/db mouse (49, 50) . On the other hand, monocytes in the ob/ob mouse were more sensitive to LPS stimulation and impaired phagocytosis of E. coli than control (44, 51, 52) .
Taken together, most evidences theorize that increased leptin levels in obese state may affect the severity of influenza via dysfunction of immune cells (Fig. 1) .
Characterizations of related immune cells in obesity Macrophage
Macrophages are a phagocyte and play important roles in innate and adaptive immunity (53 (32, 55) . These proinflammatory cytokines, TNF-α and IL-6, are not only locally increased in the adipose tissue, but also systemically increased in the whole body in obese state and finally they are responsible for systemic inflammation (35) . As mentioned above, this obesity-induced inflammation can induce leptin resistance (38) . Thus it can be speculated that macrophage-induced inflammation might be one of the factors that influence immune response to influenza virus in obesity. Furthermore, the evidence that macrophage phagocytic activity was impaired in obese mouse models indicated that innate immunity is defective in obesity (56, 57) . T cells (86) . Thus, defects of CD4+ T cells impact on antibody production by B cells.
CONCLUSION
Obesity is consistently increasing worldwide in both children and adults. Obese people are more susceptible to viral infection than those having normal weight, whereas vaccine efficacy is lower. As mentioned above, many studies searching for the causes have been conducted and show that several factors can influence vaccine response. Impacts of obesity on immune cells were described in Fig. 2 .
However the exact mechanism is not known yet. We need more studies to understand the immunologic environment of obesity and to identify the determinant of vaccine efficacy that may give us a clue how to overcome obesity and improve the potency of vaccine.
